Hallucinations are perceptions experienced in the absence of external stimuli. They may occur in any sensory modality, are involuntary, and tend to be transient in nature with simple content. Hallucinations can occur in all organic states, including temporal lobe epilepsy and Wernicke's encephalopathy. They also occur in people without mental illness, notably when falling asleep (hypnagogic) and on waking (hypnopompic). Here I review and analyse the various models and hypotheses put forward by different researchers who have asked the fascinating question 'where do voices come from?'. Many hypotheses focus on either psychological or physiological aspects but in my opinion the two are linked. Answers to this question would undoubtedly throw light on the mysteries of the human mind. SCHIZOPHRENIA Schizophrenia frequently runs a chronic course in which the sufferer loses touch with reality. The lifetime risk of developing schizophrenia is about one in 100. Reliable diagnosis can be difficult since the clinical picture is so variable. Symptoms are described as positive or negative. The commonest positive features that occur in the acute form are social withdrawal and impaired performance at work, hallucinations and persecutory ideas, and delusions of reference. In contrast with the 'positive' symptoms of the acute syndrome, the chronic syndrome is characterized by 'negative' symptoms underactivity, lack of drive, emotional apathy and hallucinations (particularly auditory). One approach to accurate diagnosis is to base the diagnosis on symptoms that are common in schizophrenia but are rare in other disorders. These are discriminating symptoms which are thought, though not by everyone, to be specific; but the most discriminating features of schizophrenia are called first rank symptoms. These were initially defined by Schneider1 in 1959 and can be summarized as follows:
Third-person hallucinations Thought insertion, withdrawal, broadcast, and echo
Delusional perception Passivity experiences
It must be said that Schneider did not have any underlying theoretical construct behind his idea and that these symptoms, if they occurred in the absence of organic illness, were pathognomonic of schizophrenia.
VOICES
In 1958 Carlsson et al. 2 reported the presence of dopamine in the mammalian brain, and blockade of the dopamine system was subsequently shown to reduce schizophrenic symptoms, including auditory hallucinations. Furthermore, stimulation of this system with an agonist such as amphetamine actually increased these symptoms. This was confirmed by Connell3 in a study of amphetamine abusers. In 1972 Randrup and Munkvad4 formulated the theory that schizophrenia was due to excess dopaminergic activity. However, neurochemical studies of post-mortem brains and cerebrospinal fluid have cast doubt on this notion5. Owen et al. 6 produced evidence suggesting that the dopamine receptors in the brains of schizophrenic patients are supersensitive to normal amounts of dopamine. Despite extensive research, there is still no convincing evidence that disordered activity of dopaminergic systems is the cause of schizophrenia.
Lately, attention has been focused on whether any gross abnormalities can be found in the brains of schizophrenics with auditory hallucinations. Since auditory function is localized to the auditory cortex which lies on the upper surface of the superior temporal gyrus, looking at the gross anatomy of the temporal lobe may reveal features that arise in schizophrenics but not in normal controls. Structural abnormalities of the temporal lobe can be investigated either post mortem or by modern imaging techniques. Necropsy studies point to smaller structures in the medial temporal lobe of schizophrenic patients7'8. These studies are undermined by the fact that post-mortem preparation distorts brain tissue. This difficulty has been overcome by use of magnetic resonance imaging (MRI). Several groups have reported changes within the temporal lobe10. Barta et al.11 subsequently demonstrated, with MRI, that the volume of the superior temporal gyrus was lower in schizophrenics than in controls and that shrinkage in this region correlated strongly with severity of auditory hallucinations.
However, MRI can only look at the structure of the brain, not function. With the development of positron emission tomography (PET) one can look at the function of the brain during auditory hallucinations and so obtain a more precise location of the areas responsible for the 'voices'. PET can provide a three-dimensional image of physiological measurements such as blood flow, oxygen metabolism, and glucose metabolism. These measurements reflect the activity and number of nerve terminals in a region of brain tissue.
Penfield and Perot9 have shown that electrical stimulation of the superior temporal gyrus elicits complex hallucinations, and their observations raise the possibility that hallucinations are associated with increased neural activity in this region.
McGuire et al.12, using single photon emission tomography (SPET), showed that cerebral blood flow in Broca's area was significantly greater during auditory hallucinations than in the non-hallucinating state. The patients in this study were scanned at the time that they were hallucinating and rescanned under identical conditions when their hallucinations had resolved. Schizophrenic hallucinations have also been associated with decreased metabolism in the superior temporal gyrus, and their frequency has been positively correlated with metabolism in the anterior cingulate cortex and the neostriatum13. These changes in Broca's area, which is in the dominant hemisphere, suggest that the 'voices' may emanate from dysfunction in the language area. Since Broca's area is interconnected with Wernicke's area (via the arcuate fasciculus) and with regions of the middle temporal gyr1us4,15 and medial temporal gyrus16,17 one can, at this stage, only say that the origin of the hallucinations lies somewhere in this connected network. Quantitative measurements of cerebral blood flow (CBF) in this area may be useful in predicting which patients are most likely to have severe hallucinations.
If we turn now to the psychological theories, Slade18'19 observed that hallucinations occurred during periods of stress. Everyone has undergone periods of stress but most people do not experience hallucinations. Therefore one needs to postulate that certain individuals are predisposed to hallucinations which may be triggered by a stressful event. Several workers have suggested that hallucinations result from a failure of self-discrimination and occur when internal, private events are misattributed to external events20'21. The link between stress and hallucinations may be that stress itself impairs the processing of semantic information22. The idea that stressful events are involved forms the basis of Slade's four-factor model, which postulates that either a one-off stressful event or a less severe chronic stress (factor 1) interacts with the individual's hallucinatory predisposition level (factor 2)23. According to this model, a hallucination may be experienced by an individual if the outcome of this interaction is sufficient to raise the hallucinatory tendency above a critical threshold. Slade goes on to say that this depends on the level of external stimulation to which the individual is currently responding (factor 3). Factor 4 of this model is reinforcement which reflects a mood improvement after cessation of the hallucinations. This model was discredited somewhat by Bentall on the grounds that the nature of the hallucinatory experience was not dealt with20.
The study could be repeated to see whether stressful events in those susceptible to schizophrenia give rise to particular types of voices, for example, persecutory in nature, or indeed whether the patients actually recognize the voice as that of someone who had been feared by the person in the past.
Inner speech is another important psychological model and refers to silent articulation of words24. Investigation of this theory must be done in man since human beings are the only species privileged to think in words. The brain regions involved in the silent articulation of meaningful phrases or sentences are unknown, but a recent study with PET suggests that the silent repetition of letters is associated with activation in Broca's area and other regions specialized for the production of covert speech25.
Auditory verbal imagery is the phenomenon whereby an individual imagines sentences being spoken in an alien voice. Disorders of both inner speech and auditory verbal imagery have been implicated in the pathogenesis of auditory hallucinations.
David26 has suggested that, in schizophrenia, inner speech is dysfunctional, resulting in the perception of 'voices' through the misrecognition of one's own verbal thoughts as alien27. McGuire (which includes Broca's area) and decreased activity in the most posterior part of the right middle temporal gyrus and a midline zone spanning the posterior cingulate cortex and precuneus. There were also decreases in the adjacent parts of the inferior and superior parietal lobule. Auditory verbal imagery also produced increases of cerebral blood flow in the left inferior frontal gyrus and in the inferior part of the left precentral gyrus, immediately posterior to Broca's area, the supplementary motor area, the left middle temporal gyrus and the right insula. McGuire and co-workers concluded that the patterns of activity seen with the auditory verbal imagery differed from those of inner speech, but the fact that imagining alien speech was also associated with activation of Broca's area suggests that auditory verbal imagery involves a component of silent speech. The involvement of the language output system may be taken to mean that imagination of speech entails anr articulatory component. One prediction therefore is that articulatory suppression should lead to improvement in hallucinations. The study also demonstrated increases in rCBF in Wernicke's area, which is active during passive listening to speech28 and the phonological and semantic processing of heard words14'15. The important conclusion is that Wernicke's area probably plays a role in distinguishing internal speech with self and non-self characteristics.
McGuire took the previous study further and examined the neural correlates of mentally reciting sentences in one's own 'inner voice' and in an 'alien voice' in (a) schizophrenic hallucinators, (b) schizophrenics with no history of hallucinations, and (c) normal controls29. They found that both tasks led to activation of the left inferior frontal regions in all groups. There were no differences between hallucinators and controls in the areas activated by inner speech in the subject's own voice. However, during inner speech in an 'alien' voice, hallucinators showed reduced activation in the left middle temporal gyrus and the rostral supplementary area, regions which were strongly activated by both controls and non-hallucinators. The study indicated that, as these differences were evident relative to nonhallucinators as well as controls, they may be related to the hallucinators' predisposition to hallucinations, rather than the illness of schizophrenia.
Though the negative symptoms tend to get worse as a schizophrenic patient grows older, the positive psychotic symptoms improve, even though they do not disappear completely. It would be interesting to conduct a long-term study, taking a group of young, recently diagnosed schizophrenics, to look for changes in brain anatomy and regional blood flow in those patients whose 'voices' disappear, or at least become less frequent. One might hypothesize that blood flow to Broca's and its interconnected 3 areas actually returns to normal. Alternatively the older, chronic schizophrenic patient might have learned to block out the 'voices'.
Gould30 has argued that subvocal speech is involved in the production of auditory hallucinations. Several groups have attempted to replicate his data but there appears little evidence to support a direct link between subvocal activity and auditory hallucinations. In fact, several groups have monitored articulatory movements by attaching a microphone to the skin overlying the larynx and shown that subvocal speech is not relevant24'29.
Frith31 proposed two psychological models, namely input and output theories of hallucinations, as well as the concept of self-monitoring.
Input theory
The input theory proposes that hallucinations arise through the misperception of external stimuli. A stimulus is most likely misperceived when it is complex and ambiguous and when the target sound is weak and the irrelevant surrounding noise is loud. The question posed by Frith is 'Do hallucinating patients have a tendency to misperceive stimuli?'. People who misperceive stimuli may have a difficulty with discrimination, which presumably would be harder when the noise associated with the stimuli was increased. However, although some patients reported that they were more likely to hallucinate in noisy environments, they were equally likely to do so in a quiet environment. Problems with discrimination are therefore unlikely unless of course the abnormal noise resided in the 'mind' and not in the environment. Moving on from the idea of discrimination Frith and Done have studied the phenomenon of abnormal bias in schizophrenics. They argued that the bias must be towards perceiving sounds as words and that this should be most marked when the sounds were most voice-like. An intricate study by Frith and Done did not disclose any evidence that patients with schizophrenia had a bias to perceiving words, but they might have been biased to hearing noises as speech sounds. A study by Bentall and Slade demonstrated an abnormal bias towards hearing voices when none were there32. In summary, none of the arguments discussed above lend much weight to the 'input' theory of hallucinations.
Output theory
The output theory implies that the patient is talking to himself but perceives the voices as coming from somewhere else. Gould observed a hallucinating patient making frequent sounds from her nose and mouth, interpreted as subvocal speech. This observation has inconsistently been replicated by others30. McGuigan found a significant increase in oral muscle activity just before a patient indicated hearing a voice33. On the other hand, Green and Kinsbourne failed to repeat these findings, but did observe that humming significantly reduces the time spent hallucinating34. Humming may reduce the time hallucinating but could this be due to the suppression of inner speech or articulatory processing? When we try to remember a telephone number, for example, in order to keep it in our short-term memory we repeat or rehearse it over and over again. This involves an 'articulatory loop' which holds the repeated 'inner speech' in our short-term memory.
If hallucinations are thought to be caused by subvocal speech then why is it that schizophrenics but not 'normal' people hallucinate when performing tasks that engage this articulatory loop? Frith takes the concept of inner speech one step further and suggests that the problem may be failure to recognize that the production of inner speech is selfinitiated. The patients misperceive self-generated actions as those arising externally i.e. they are a defect in selfmonitoring. One area in which self-monitoring is important is in the modality of 'corollary discharge'. Helmholtz36 remarked that, even though an image of the world moves across the retina, when our eyes move the world is perceived to remain still. He explained this by suggesting that a 'corollary discharge' is sent to some monitoring system at the same time as a message is sent to the eye muscles. Ultimately the image is perceived as stationary. Applied to hearing 'voices' the self-monitoring system is required to modify 'external noise'a defect in this system perhaps leading to the 'external noise' as being alien and thus misperceived as a 'voice'. Bentall et al.37 directly studied self-monitoring of speech and found that psychotic patients were worse than normal volunteers at distinguishing what they had self-generated from what had been provided by the experimenter, whether or not they had hallucinated. Frith et al.38 contradicted these findings by showing that incoherent patients were poor at distinguishing self-generated and experimenter-generated items and this was unrelated to the presence of hallucinations38. This was put down to the fact that incoherent patients have a problem with source memory, which itself is impaired in frontal lobe lesions. Some studies have suggested that the left hemisphere is the gross part of the brain responsible for the origin of 'voices'. This was confirmed by a recent study from Green et al. 39 , who found that auditory hallucinations were associated with abnormalities in left hemisphere functioning and that these hallucinations were not limited to the time of the hallucinations. They assessed left temporal function by means of the 'dichotic listening test', in which two different test stimuli are presented simultaneously to both ears through earphones. Subjects reported more accurately the linguistic stimuli that were presented to the right ear. Right ear advantage results from the fact that most of the right ear projections pass contralaterally to the left hemisphere which is dominant for speech in most people. In summary, Green et al.39 found that the non-hallucinating patients showed a right ear advantage comparable to that found in normal subjects but hallucinating patients showed essentially no ear asymmetry. Right ear advantage was overridden in this study by asking the subjects to attend to and focus on the left ear. They concluded that auditory hallucinations generate activity in the speech region that renders the region less accessible for processing stimuli from the right ear. Alternatively, relatively enduring left hemisphere abnormality might leave the patient at risk for the development of hallucinations and also reduce the right ear advantage. This prediction could be confirmed by performing the test on newly diagnosed schizophrenics who have not yet reported hearing 'voices' do they exhibit ear asymmetry? The hypothesis of ear advantage/asymmetry could be tested in patients with temporal lobe epilepsy and severe depressive disorders, for example, to predict those who are most likely to hear 'voices'. CONCLUSION There is evidence from both psychological and physiological models (imaging studies) for the neural basis of 'voices' and the two areas of enquiry can be seen as complementary. One can say with confidence that auditory hallucinations arise when verbal thoughts are recognized as alien (non-self) and thus perceived as external 'voices'. Why this inner speech is misperceived with such dramatic effect requires further investigation.
